In the low-mass regime, it is found that the gas-phase abundances of C-bearing molecules in cold starless cores rapidly decrease with increasing density, as the molecules form mantles on dust grains. We study CO depletion in 102 massive clumps selected from the ATLASGAL 870 micron survey, and investigate its correlation with evolutionary stage and with the physical parameters of the sources. We find a significant number of clumps with a large depletion factor f D , up to ∼ 20. Larger values are found for colder clumps, thus for earlier evolutionary phases. For massive clumps in the earliest stages of evolution we estimate the radius of the region where CO depletion is important to be a few tenths of a pc. Clumps are found with M/M vir up to ∼ 20, especially among the less evolved sources. These large values may in part be explained by the presence of depletion. CO depletion in high-mass clumps behaves as in the low-mass regime, with less evolved clumps showing larger values for the depletion than their more evolved counterparts, and increasing for denser sources.
-Introduction
A significant decrease in molecular abundance (referred to as depletion) is commonly observed for molecules such as CO and CS in the central part of starless cores [1] . CO depletion is a temperature-and density-sensitive process; at low temperatures and high densities depletion is higher, because under those conditions it is easier for the molecules to freeze out onto the grains. When protostars are formed, the temperature rises and the molecules evaporate back into the gas phase, and the abundance returns to canonical levels. The degree of depletion can thus be used as an indicator of evolution. Very few studies address the variation with time CO depletion in massive clumps [2] , and claims exist both of significant CO depletion [3] and of canonical abundances [4] .
In this work we investigate the CO abundance in a large sample of massive clumps, selected from ATLASGAL. Figure 3 shows the CO depletion factor as a function of the excitation temperature. Colder sources show larger CO depletion factors, suggesting that in less evolved sources gas phase CO is less abundant than in more evolved ones, in agreement with the dependence on T of the evaporation timescale. The average f D decreases from the D24 to the IRB objects.
-Observations and TOP100 Sample

-Isotopic Ratios
We find that f D also correlates with the peak column and volume densities, increasing for higher densities.
-Depletion Radius and Critical Density
Comparing the typical lifetime of massive starless clumps with τ dep as a function of r, we estimate the size R dep of the central depletion hole. We find that R dep is ∼ 0.1 pc for M(r < 1 pc) ∼ 550 M and an age of 10 5 yr. This radius increases for larger masses. Assuming τ dep = τ ff , we derive an expression for the critical density n H,crit above which all CO is depleted, that depends only on the temperature T and on the mean grain cross section per H atom σ H ,
where v th,CO is the thermal velocity for CO and S is the sticking probability. The value for n H 2 ,crit (= 0.5n H,crit in a fully molecular environment) is in good agreement with studies of low-mass starless cores [8] .
6 -RATRAN Models The previous analysis assumes that molecules are in LTE. We used RATRAN to build one-dimensional models of the clumps for typical parameters of the sample. The more evolved sources are much better reproduced by a centrally heated clump, with only moderate depletion. On the other hand, IR-dark sources are consistent with cold, isothermal clumps, but need a larger f D to reproduce the line fluxes.
A more detailed study is carried out for some individual sources in the sample. IRB (e.g. Fig. 4 left) and RMS and D8 and D24 (e.g. Fig. 4 right) show different f D , between 1 − 3 and 3 − 15, respectively.
A different approach is to use a drop profile for the CO abundance. In this case we find that CO is depleted in the central regions, for densities above a critical threshold of ∼ 10 The panels show: a) the joint probability distribution for critical density and mass, and b) and c) the marginal distributions of the same two variables. Unlike objects in IRB and RMS, the most massive ones in groups D8 and D24 appear to be unstable. Depletion of CO may play a role in this: if the degree of depletion is very high in the centre, we would be tracing only the gas in a more external layer. If the molecule is not in LTE, T is underestimated and M is overestimated. This may be the cause of the difference between dark and bright sources.
-Gravitational Stability
Magnetic fields of the order of a mG would be needed to halt the collapse for the most massive sources. If the derived mass is indeed overestimated by up to a factor of 5, a smaller magnetic field strength is enough to stabilise the clumps, and the magnetic and turbulent energy density are then approximately of the same order of magnitude even for the most unstable sources.
-Conclusions
In this work [9] we investigated the CO depletion in massive clumps, and found it to decrease from starless objects to those where massive stars are already formed, and to increase in denser sources. We could estimate the radius of the region where CO is depleted to be a few tenths of a pc and the critical density above which all CO is depleted to be ∼ 10 4 cm −3
. We found that CO depletion may lead one to significantly overestimate the masses. Finally, we derived the [ 
